The aim of our current study is to analyze the incidence of AI among the elderly people by means of the complete nationwide insurance claims of hospitalizations in Taiwan. Special attention is also paid to co-morbidity at AI diagnosis and the consequences within one year after AI diagnosis. Our study would give a better picture of adrenal insufficiency in the elderly for countries with aging population.
Methods
In Taiwan, the National Health Insurance (NHI) program started in 1995 and covered nearly all inhabitants (22, 484, 427 beneficiaries at the end of 2006, equivalent to 98.3% of the inhabitants). The contracted medical care facilities in 2006 included 24 academic medical centers, 70 metropolitan regional hospitals, 414 local community hospitals. Since 1999, the Bureau of NHI has released all claims data in electronic form to the National Health Research Institutes under the National Health Insurance Research Database (NHIRD) project. The data are available on request to researchers.
We obtained the complete datasets of hospitalizations from 1996 to 2007 with a total of 2,912,099 records. One record of these datasets contains the patient's identification number, gender, date of birth, dates of admission and discharge, up to five discharge diagnoses coded in the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) format, and the identification number of the medical care facility. Original identification numbers of patients and medical care facilities are encrypted for the reason of privacy protection, but the uniform encrypting procedure allows the linking of data belonging to the same patient or facility within the whole datasets. For example, a medical care facility in the hospitalization record can be linked to the registry file of medical care facilities (HOSB2006.DAT) to know its accreditation status: academic medical centre, metropolitan regional hospital, local community hospital or primary care clinic. Besides, we obtained the registry files of beneficiaries in 2006 to calculate the denominators.
In the current study, we firstly identified the patients with AI according to the discharge diagnoses (255.4 in ICD-9-CM). A new case of AI in 2006 was defined as the patient who was diagnosed with AI in 2006 but not in the past ten years from 1996 to 2005. Because AI is more frequently seen in the elderly population, our main analysis was limited to patients aged 60 years and over.
To analyze the co-morbidities of new AI cases, the first discharge diagnosis was extracted from the hospitalizations with newly diagnosed AI. If AI was the primary diagnosis, the second discharge diagnosis would be extracted instead. The Clinical Classification Software (CCS) 2006 version was used to classify diagnoses into a manageable number of clinically meaningful categories.
From our complete hospitalization datasets, these new AI cases were further followed for one year after their discharge. The percentage of the patients with another hospitalization was calculated. The discharge diagnosis and status, especially death, were analyzed. Again, only the primary diagnosis was examined and the CCS used.
Statistical analysis
The database software of Microsoft SQL Server 2008 (Microsoft Corp., Redmond, WA, USA) was used for data linkage and processing. From our non-sampled population datasets, descriptive statistics were presented.
Results

Patient characteristics
From the nationwide hospitalization datasets, the prevalence of AI increased from 6.5/10 5 (n = 1,293) in 1996 to 20.8/10 5 (n = 4,681) in 2007. In 2006, AI was newly diagnosed in 3,494 patients (1,701 women and 1,793 men), which represented an incidence of 15.5/10 5 in the whole population. Nearly four fifths (1,349 women and 1,429 men) of the patients were 60 years old and over, corresponding to an incidence of 92.4/10 5 in the elderly population. The incidence of AI in the elderly men (96.8/10 5 ) was higher than that in the elderly women (88.2/10 5 ). In both sexes, the incidences increased with age and reached 190.6/10 5 and 238.8/10 5 in women and men aged 90 years and over respectively (Table 1) .
Specialty and accreditation level of hospital in which AI was newly diagnosed
The majority (84.6%, n = 2,350) of elderly patients with newly diagnosed AI were treated in wards of internal medicine, followed by those of neurology and surgery (Table  2) . Only one ninth (n = 323) of the patients were firstly identified in the local community hospitals.
Co-morbidity
Among hospitalizations with newly diagnosed AI, only one elderly patient had AI as the sole diagnosis at discharge. The most common co-morbidity was pneumonia (8.6%, n = 238), followed by urinary tract infections (6.9%, n = 193), electrolyte imbalance (6.6%, n = 184), and septicemia (5.7%, n = 159) ( Table 3) .
Cause of hospitalizations and in-hospital death within one year
A total of 40 elderly patients died at the hospitalization in which AI was firstly found. During the one-year observation after discharge of the other 2,738 patients, 65% (n = 1,803) of patients had been hospitalized 4,520 times. Pneumonia as the most frequent diagnosis was found in 367 patients with 512 hospitalizations. The relative risk of developing pneumonia in patients with newly diagnosed AI was 6 times as high as the risk in general elderly population (13.2% vs. 2.2%). The top ten diagnostic groups accounted for almost a half (n = 2,241) of all hospitalizations (Table 4) . During the year, 178 (6.5%) patients died in the hospital and the common causes of death were respiratory failure (n = 
Discussion
The causes of AI are heterogeneous. While epidemiological studies usually focused on AI of primary causes or secondary cause related to brain tumor, few had published data of AI in the elderly group. Previous studies about Caucasian population showed that primary AI was relatively rare, with an incidence of 0.56-0.62/10 5 people (Kong and Jeffcoate 1994; Løvås and Husebye 2002) . Although secondary AI was thought to be more prevalent than primary AI, the definite data of incidence is still lacking (Arlt and Allolio 2003) . Our study showed the incidence of AI of all causes was high in Taiwan and even six-fold higher among the elderly population. The disparity was also observed by a study in which the incidence of AI among the patients in surgical intensive care unit increased 2.5-fold in patients older than 55 years (Barquist and Kirton 1997) . It might be explained by the fact that older people are proved to have decreased sensitivity of HPA axis to cortisol feedback (Wilkinson et al. 1997; Beale et al. 2002) . Secondary AI is usually caused by abrupt discontinuation of glucocorticoid therapy or resultant HPA axis suppression due to long term steroid use and subsequent lack of cortisol production in response to a physiologic stress (Schuetz et al. 2008) , especially in the elderly group with long term use of steroids due to COPD.
In our study, only one-ninth of elderly patients with newly diagnosed AI were found in local community hospitals in 2006. The total number of beds in local community hospitals nearly equals that in metropolitan hospitals in Taiwan (40, 855 vs. 39, 447) . (http://www.nhi.gov.tw/). The lower number of AI patients in local community hospitals might result from the fact that critically ill patients are usually treated in the higher level of hospitals. It remained unknown whether underdiagnosis existed for lack of alertness on AI. Our study also found most elderly AI patients were treated in the internal medicine wards. Although medical illnesses such as autoimmune disorder and infection play a predominant role in AI, some patients might have been transferred from wards of other specialties during hospitalization.
In our study, AI was rarely the sole diagnosis the patients had during hospitalizations. Among various co-morbidities, infectious and pulmonary diseases, especially pneumonia, were most common at initial AI diagnosis, during subsequent hospitalizations, and in in-hospital deaths. One epidemiological study in Japan also found the infectious disease was the major inducement of adrenal crisis (Takayanagi et al. 2000) . Another study in Japan revealed the close relationship between adrenal function and the severity of community-acquired pneumonia, in-hospital death, and length of stay (Gotoh et al. 2008) . Other studies found a high proportion of patients with severe communityacquired pneumonia or sepsis had adrenal insufficiency (Salluh et al. 2006; Annane et al. 2006) . A study in Sweden also found that the mortality rate in the AI group due to infection was 5 times more prevalent than that expected in the age-adjusted background population (Bergthorsdottir et al. 2006) . All of these studies implied the role of infectious stress in AI.
Our study had some limitations. Only the datasets of hospitalizations were available for analysis. The diagnosis of asymptomatic and mild AI might have been made earlier or only at ambulatory care. The incidence was underestimated because only treated and hospitalized cases were included in our study. Besides, we did not differentiate the primary and secondary causes of AI because ICD-9-CM does not provide a clear classification. Moreover, our datasets did not provide any laboratory results or drug prescriptions so that the severity of AI could not be known. The claims diagnosis at in-hospital death might not be identical to that filled in the official certificate of death. To ascertain the cause of death in elderly patients with AI required scrutiny of paper records. Because the anonymized claims data does not contain the residency of each beneficiary, geographic disparities of AI could also not be studied. The types and causes of admissions were unknown because there were only discharge diagnoses available in claims. Finally, the AI diagnosis in our current study could not be validated as in most studies utilizing the anonymized datasets. The NHIRD does not permit any attempt to identify the patients to link with their original medical records.
In conclusion, our large nationwide observational study in Taiwan revealed that AI was more prevalent in the elderly population and the incidence increased with age. Infectious and pulmonary diseases are the most common co-morbidities and play a major role in subsequent hospitalizations and in-hospital deaths. The disparity of incidences among different accreditation levels of hospitals needs further study to elucidate the existence of underdiagnosis. Further study could be directed to the risk and causal association between AI and infectious diseases in the elderly.
